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A speciftc method Yi^% been developed to identiry the etiologic or immunogenic agent responsible for the production of au- 
toantibodies characteristic of a particular disorder or immune response. The antigen is first isolated, then divided into overlap- 
ping short amino add sequences. The sequences having the greatest reactivity with the autoantibodies are tdentified and com- 
pu^ed with all known amino acid sequences using ;hc available computer data bases. The protein having the maximum number f 
sequences homologous to the sequences of greatest rcaaivity with the autoantibodies is the likeliest candidate for the etiological 
agent Applying this method, it has been determined that the etiological agent for the pnxiuction of anti*Ro/SSA autoantibodies 
characteristic of numerous autoimmune diseases such ILE appeais to be a virus highly homologous to the Indiana strain f 
the vesicular stomatitis virus. Once the etiologic agent and antigenic sequences are known, it is possible to design assays and rea- 
gents for the diagnosis and treatment of patients having cither the etiological agent and/or autoantibooies. An animal model has 
been developed for studying the mechanisms of, and screening compounds for the treatment or prevention of, the expression f 
these autoantibodies. 
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ASSAYS AND TREATMENTS FOR AUTOIMMDNE DISEASES 
Background of the Invention 

This invention is in the area of the prevention, diagnosis and 
treatment of autoimmune diseases. especiaUy systemic lupus erythematosus. 

The United States government has rights in this invention by virtue 
of grants from the National Institutes of Health and the Veteran's 
Administration. 

This is a continuation-in-part of U.S. Serial No. 07/472.947 entitied 
•Assays and Treatments for Autoimmune Dis^- fDed January 31. 1990 by 
John B, Harley. ' 

Systemic lupus erythematosus (SUE) is simihu- to many other 
disorders in which autoantibodies are found and thought to be important in 
etiology and pathogenesis. SLE can be grouped with those diseases that 

commonly have autoantibodies present but for whom a central n,le of 
autoantibody in pathogenesis leading to clinical expression has yet to be fiiUy 
established or accepted. Other such diseases include Sjogren's syndrome, 
rheumatoid arthritis, juvenile onset diabetes mellitus. primary biliary 
cirrhosis. Wegener's granulomatosis, inflammatory bowel disease, and many 
others. • 

Topically, autoimmune diseases present with a wide array of 
symptoms and cUnical signs. The production of dreulating autoantibodies to 
nbonudeopiDtein complexes (RNPs) . unifying characteristic of some of 
the riieumatic autoimmune diseases. The most common antigens in SLE and 
closely related disorders include: Ro/SSA, La/SSB. nRNP and Sm. IhitiaUy 
these antibodies were found using double immunodiffusion, but more recenfly 
sensitive solid phase assays have been developed to quantftate the 
arumtibodies. The Ro/SSA RNA-protdn particle has been found to be a 
constituent of all human ceUs evaluated to date. Approximately half of 
-Sjogren's syndrome and systemic lupus erythematosus (SLE) patients have 
anti.Ro/SSA precipitins. Approximately 75% of patients with subacute 
cutaneous lupus erythematosus or complement component C2 deficiency with 
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SLE have anti-R /SSA piccipitins. Over 80% of mothers of newborns with 
neonatal lupus demiatitis or complete congenital heart block have this 
autoantibody. As many as 5% of patients with rheumatoid arthritis, 
polymyositis, and progressive systemic sclerosis have anti-Ro/SSA, as 
"ported by R.M. Bernstein, et al., Mol. Biol, Mrrt 2:105-120 (1984); and 
J.B. Harley and K.K. Gaither. AntwntlMr. Tn ffh..n..H. r^.^,, ^inin 
Of Nonh Amrriran; Svitf mir T nnut Krvth^^tm i „ 14:1, 43-56 (1988). 

It has been an issue of intensive debate as to whether the many 
autoantibodies found in systemic lupus erythematosis and related diseases 
iq.f«ent an antigen specific or a polyclonal, antigen non-specific «sponse. 
Evidence that autoantibodies are important in the expression of SLE and 
related syndromes is convincing. Specific depletion in a heart block neonate 
(Harley. J.B.. et al.. Arthritis Rhnun 2 8:1321-1325 (1985)) and specific anti- 
Ro/SSA immunoglobin dqwsition in human skin (Lee, L.A.. et al.. LjailL 
10^^83:1556-1562 (1989)) have been demonstrated. Specific concentration 
of anti-Ro/SSA has been shown in the immunoglobulin of lenal eluates fiom 
fadneys affected by lupus nephritis (Maddison, P.J. and Rdchlin, M. 
Anhriti. ' tRhnini . 22:858-863 (1979)). Anti-Ro/SSA has been found to be 
specifically concentrated in a parotid gland of a patient with Sjogren's 
syndrome and primary bUiary cirrhosis (Pem,er. E. and Rdchlin, M, Alllmtis 
BbfllHL 25:1250-1253 (1982)). Observation., that infants with tiansplacentally 
acquired maternal IgG devdop neonatal lupus dermatitis and/or comp'ete 
congenital heart block (Hariey, J.B. and Gaither. K.K.: AutoanrihoHW 
E hcum a tic PiV ii y r\\m^ of North Amrrica. .w^;. T i mn f mhrmnTniii . 
14:1. 43-56 (1988)) strongly suggests that maternal autoantibody (anti-Ro/SSA 
or anti-U/sSB) transported across the placenta is a critical component 
required, but not suffident, for these clinical problems. 

It has also been shown that some normal individuals have low levds 
of anti-Ro/SSA, that some normal family members of SLE patients have anti- 
Ro/SSA, and that I % of normal pregnant women, and 0.1 % of a cohort of 
hospitalizod patients have pnxipitating levds of this autoantibody (K.K. 
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Gaither. et al., J . gin , Tnvnt 79:841-846 (1987); TJ.A. Lehman, et al L 
BhcimiaiQL 11:644^7 (1987); M. Calmes and B.A. Bartholomew. LSM. 
EafllQL 38:73-75 (1985); PJ. Maddison. et al.. Llhsmm. 5:407-411 
(1978)). Even if the anti-Ro/SSA autoantibody is not pathogenic, the 
concentrations of anti-Ro/SSA autoantibody achieved by patients am be 
extraoidinary. and is <»mmonIy higher than 1 mg/ml of specific anti-Ro/SSA 
immunoglobulin (K.K. Gaither and J.B. Harley. Piot. Riol Pi.n^, p ^rr 
Cfillfla. 33:413-416 (1985); J.B. Harley, et al., Aflbritil^lmcm. 29:196-206 
(1986)). The immune system derangement leading to this specific 
overproduction of anti-Ro/SSA is not apparent but is likely to rcfiect a 
fundamental mechanism related to the immunopathogenesis of the related 
diseases. 

The Ro/SSA family of proteins has now been shown to have several 
molecular forms which are operationaUy defined by the molecular weight of 
the antigen identified". A major form has an apparem molecular weight of 60 
IdloDaltons (IcD). This protein is associated with one of four hY RNAs. 
Recently, two additional proteins bound by anti-Ro/SSA sera have been 
identified by M.D. Rader. et al., J. Clin. Inv^t. 83:1556-1562 (1989). with 
molecular weights of 52 kD and 54 kD. A 48 kD protein, calmodulin, has 
been identified as being bound by anti-Ro/SSA sera (McCauIifTe. et al., L 
QhUimL 85:1379-1391 (1990)). Th« La/SSB protein, a 48 kD peptide, 
as described by J.C. Chambers and J.D. Keene. Proc. N«rt Ar.A 
82:21 15-21 19 (1985), is also a member of this group of autoantibodies, and 
binds sraaU RNAs witfi a polyuridine terminus, as reported by J.E. Stephano, 
Cell 36:145-154 (1984). La/SSB is bound by a third of the anti-Ro/SSA 
precipitin positive sera. Anti-Ro/SSA autoimmune sera and heteroimmune 

rabbit sera have been used to demonstrate different specificities for 
lymphocyte Ro/SSA and red blood ceU Ro/SSA. While several specificities 
have been noted for Uie Ro/SSA RNP, very Utfle information exists defining 
the specific epitopes Inv Ived in tiie autoimmune response. 
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It is therefore an object f the present invention to provide methods 
for identifying immunogens, and the specific cjritopes and sequences encoding 
the epitopes, which elicit the production of an autoimmune response involving 
antigens or autoantigens that are bound by immunoglobulin, antigen-spedfic B 
cell surface receptor molecules, or the antigen-specific T cdl receptor. 

It is a further object of the present invention to provide assays and 
diagnostic reagents for identifying individuals previously exposed to a 
particular immunogen or expressing these autoantibodies, or the epitopes (or 
their immune equivalent) eliciting production of the autoantibodies. 

It is a still further object of the present invention to provide methods 
and compositions for identifying and treating autoimmune disorders, including 
such diverse diseases as Sjogren's syndrome, rheumatoid arthritis, juvenile 
onset diabetes mellitus, primary biliary cirrhosis, Wegener's granulomatosis, 
inflammatory bowel disease, potentially autoimmune disorders, or any other 
disease having immune manifestations. 

It is a still further object of the present invention to provide a 
procedure to determine the immunologic origin of autoimmune, manifestations 
of diseases. 

It is another object of the present invention to provide an animal 
model expressing human autoantibodies for screening thers^tics. 

It is y^ another object of the prefent invention to provide a 
procedure to determine the origin of selected manifestations of diseases of 
known etiology. 

Suminai7 of the InTention 
A specific method has been developed to identify the etiologic or 
antigenic agent responsible for the production of autoantibodies characteristic 
of a particular disorder, "fhe antigen is first isolated, using, for example, 
autoantibodies isolated from one or more patients. The antigen is then 
divided into overlapping short amino acid sequences, preferably twenty amino 
acids or less, octapeptides in the example described below for Ro/SSA and 
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La/SSB. Hie sequences having the greatest reactivity with the autoantibodies 
are identified. These sequences are then compared with all known amino 
acids sequences using the available computer data bases. The protein having 
the maximum number or proportion of sequences homologous to the 
sequences of greatest reactivity with the autoantibodies is among the likeliest 
candidate of the known sequenced proteins for the etiological agent or 
immunogen. 

Applying this method, it has been determined that the etiological 
agent for the production of several autoantibodies, including the Ro/SSA 
antigen, characteristic of numerous autoimmune diseases such as SLE, 
appears to be a vims homologous to the Indiana strata of the vesicular 
stomatitis vims. The nucleocapsid protein of this vims (N) contains at least . 
six areas identically homologous to the €0 kD Ro/SSA sequence (three 
pentapeptides, and three quadrapqjtides). (There are 23 areas of at least 
tripeptide homology, based upon identically homologous tripqrtides.) While 
several other protein sequences are known which demonstrate more homology 
with the 60 kD Ro/SSA than does the N protein, only for these regions of N 
and Ro/SSA does the antigenicity and homology closely coincide (p < 
0.00017). 

Ones the etiological agent and antigenic sequences are known, it is 

* 

possible to design assays and reagent^ for the diagnons and treatment of 
patients having either the etiological agent and/or autoantibodies. An animal 
model developed by transferring human autoantibody producing celb to mice 
with severe combined immunodeficiency should be particularly useful in 
screening compounds for the treatment or prevention of the expresaon of 
these and other autoantibodies. 

Brief Description of the Drawings 
Figure 1 b a schematic of the properties of the 119 amino add 
sequence at the carboxyl terminus of the human 60 kD Ro/SSA protein. 
Panel A. Predictions of physical characteristics based upon the amino add 
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sequence from the Wisconsin Genetics Systems software (Dcvereaux. et al.. 
Sequence analysis software of the genetics computer gnnip. pp. 233-239, ' 
Univemty of Wisconsin, Madison, WI (1987); Jameson and Wolff CAEIQS 
4M81-187 (1988)). Psmd B. SoUd phase immunoassay of 119 overi;qq)ing 
octamcrs at each position of the sequence. Ban represent activity in a soUd 
phase EUSA of an anti-Ro/SSA reference senim that also binds the caiboxyl 
tenninal 13 kD peptide of V8 protease digested bovine Ro/SSA. The 

background activity in this assay is from a normal control scnim. TTiemean 
values ftom two experiments are presented. The octapeptide number is the 
sequence position of the amino terminal amino add of the octapeptide. 

Figure 2 is an analysis of binding of a human anti-Ro/SSA reference 
serum to overlapping octapeptides of Ro/SSA. Every possible octapqjtide 
from the human 60-kDa Ro/SSA amino acid sequence has been synthesized 
onto a solid-phase support An enzyme-linked immunosorbent assay has been 
used to detect binding by human antibody. OcCqjeptidc nuraben indicate the 
sequence position of their amino-terminal amiro acid and (A) Binding of a 
normal control serum. (B) Binding of Ihe reference'anti.Ro/SSA serum. (Q 
Central antigenic octapeptides are identified by broken lines. (D)SoUd 
blocks indicate tetrapeptide and longer regions of the Ro/SSA sequence shared 

with the N protein of Ae Indiana serotype and average 5.5 octapeptides since 
there are tiuee tetrapeptide and three pentapeptide identities. Tbt remainder / 
of the Ro/SSA sequence is arbitrarily partitioned into groups witii m average ' 
size of 5.5 octapeptides (open blocks). AU groups are continuous except die 
remainder octapeptides, which have been coUected together fiom different 
parts of tiie sequence, (E) The central antigenic octapeptides ftom tiiree 
additional anti-Ro/SSA precipitin-positive sera are indicated by v. 

Figure 3 is a schematic of the binding of a human anti-Ro/SSA 
reference serum to overlapping octapeptides of Ro/SSA. Every possible 
octapeptide was synthesized ftom the human 60 kD Ro/SSA amino add 
sequence onto a solid phase support TUe solid phase was blodced with 
albumin and tiien incubated with the anti-Ro/SSA reference serum or other 
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R . Binding of immunoglobulin to the solid phase octapq)tide was revealed 
with an anti-human gamma chain specific IgG from goat conjugated to 
alkaline phosphatase follovnng standard procedure for an ELISA assay. (This 
assay procedure was also used to detect octapcptide binding in Figures 1 and 
2.) Regions of homology with the Indiana strain of vesicular stomatids vinis 
nucleocapsid protein are indicated by bars which identify all regions which 
share exact homology of four or more amino adds. Asterisks (•) indicate the 
maximum or center octapeptide for the analysis of antigenic and homology 
relatedness. 

Figure 4 shows the homologous regions of four or more amino adds 
between the human 60 kD Ro/SSA protein and the nucleocapsid (N) protein 
of the Indiana strain of vesicular stomatitis virus. Homologous regions are 
labded in thdr order on the Ro/SSA sequence. Sequence positions of the 
homologous regions are demonstrated on Ro/SSA and the N protein. Tm 
standard single letter code is presented for amino adds in the homologous 
regions. 

Figure 5 shows the areas of homology of at least four sequential 
amino adds between 60 kD Ro/SSA and rhabdoviral N proteins. Shared small 
peptides between Ro/SSA and N proteins which overlap central antigenic 
peptides of Ro/SSA or which may be extended by single amino add gaps (•) 
in the Ro/SSA sequence. Vesicular stomatitis viris Indiana serotype (VSV- 
IND#1) (GaDione, ct al., J. Virol. 39:529-535 (1981)), VSV-Indiana strain 2 
(VSV-IND#2) (DePolo, et al., J. ViroL 61:454-464 (1987)) and New Jersey 
strain (VSV-NJ) (Banerjee, et al., Virology 137:432-438 (1984)), Chandipura 
strain (VSV-aiand)(Masters, et al.. Virology 157:298-306 (1987)) and rabies 
virus (Tordo. et al., Nuc. Add 14(6):2671-2683 (1986)) are presented. 
Amino add residues are presented in die single-letter code and in thdr order 
on the 60-kDa Ro/SSA sequence; lower case letters are used where gaps have 
been introduced in Ro/SSA. Amino add residues in the Ro/SSA sequence 
which are part of a central antigenic octi?)eptide of the reference anti-Ro/SSA 
serum are indicated by dotted underlines. Shared sequences with no overlap 
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with the central antigenic octapeptides or sequence extension by single amino 
acid gaps in Ro/SSA are not presented. DEMV is found at residues 417^20 
in Ro/SSA and 256-259 in VSV-Ind. DLLR is at 181-184 of Ro/SSA and 
258-261 of VSV-Chand. The EVCR pq«ide ftom 117-120 of Ro/SSA is the 
only peptide shared with the Miy strain sequence at 258-261 (Crysler, et al., 
L-ficn^iaiBL 71:2191-2194 (1990)). AAAM and DPDD are respectively ' 
found at 369-399 and 510-513 in Ro/SSA while at 75-78 and 66-69 in rabies. 

Figure 6 shows two examples of juxtaposition of sequence from 
different proteins which may have immune and autoimmune regulatory 
consequences. Figure 6A shows that the 60 kD Ro/SSA sequence (Ro) 
between amino add residues 217 and 226 cxacUy matches the combined 
portions of tiie sequences of the 60S PO protein (PO) between its amino add 
sequence residues 250 and 255 followed by residues 76 through 79. A 
second E K L L sequence is found in Ro/SSA between residues 311 and 314. 
Figure 6B shows HLA-B27 amino add sequence between residues 69 and 77 
is exactly matched by the combined regions between residues 51 and 54 in 
addition to 188 and 193 of the Klebsiella neuramidase proton (KLEB). 

Detailed Description of the Invention 

nie present invention is tiie discovery of a method for identifying an 
etiologic or antigenic agent for autoimmune disonler such as SLE, non- 
self nucldc or amino add sequences didting an immune type response, 
diagnostics and thenqxutics for the prsvention and treatment of tiiese 
disorden. n»e method is spodfically appKed to determine the etiologic 
and/or antigenic and/or immunogenic agent didting an autdramune response 
in SLE patients. The agent, a virus homologous to vesicular stomatitis virus- 
Indiana strain (VSV-Ind), was diaracterized by identity of sequence at areas 
of antigenidty in tiie major antigens for autoantibodies characteristic of SLE. 

As used hadn, autdmmune diseases are diseases that are primarily 
autoimmune, as weU as diseases whidi do not appear to be primarily 
autoimmune but have immune manifestatiau involving immunoglobulins. 
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antigen specific B cdl surface receptors, or antigen-specific T ceU recepton. 
Examples f diseases which M into these categories arc SLE, Sjogren's 
syndrome, rheumatoid arthritis, juvenile onset diabetes mellitus, Wegener's 
granulomatosis, infiammatory bowel disease, polymyositis, dermatomyositis, 
multiple endocrine feilure, Schmidt's syndrome, autoimmune uveitis, 
Addison's disease, adrenaUtis, Graves' disease, thyroiditis, Hashimoto's 
thyroiditis, autoimmune thyroid disease, pemidous anemia, gastric atrophy, 
chronic hepatitis, lupoid hqatitis, atherosclerosis, presenile dementia, 
demyelinating diseases, multiple sclerosis, subacute cutaneous iupus 
erythematosus, hypoparatfiyroidism, Dresslcr's syndrome, myasthenia gravis, 
autoimmune thrombocytopenia, idiopathic thrombocytopenic purpura, 
hemolytic anemia, pemphigus vulgaris, pemphigus, dermatitis herpetiformis, 
alopecia areata, pemphigoid, scleroderma, progressive systemic sclerosis, 
CREST syndrome (calcinosis, Raynaud's phenomenon, esophageal 
dysmotaity, sclerodactyly, and telangiectasia), adult onset diabetes melUtus ' 
(Type n diabetes), male and female autoimmune infertility, ankylosing 
spondolytis, ulcerative coUtis, Crohn's disease, mixed connective tissue 
disease, polyarteritis nodosa, systemic necrotizing vasculitis, juvenile onset 
riieumatoid arthritis, gipmenilonq)hritis, atopic dennatitis, atopic riiinitis, 
Goodpasture's syndrome, Chagas' disease, sarcoidosis, rheumatic fever, 
asthma, recurrent abwtion, anti-phosphoUpid syndrome, former's lung, 
eiythema multiforme, post cardiotomy syndrome, Gushing's syndrome, 
autoimmune chronic active hepatitis, bird-fancier's lung, aUeigic disease, 
allergic encephalomycUtis, toxic epidermal necrolysis, alqpeda, Alport's 
syndrome, alveoUtis, aiUeigic alveoUtis, fibrosing alveolitis, interstitial lung 
disease, erythema nodosum, pyoderma gangrenosum, transfusion reaction, 
leprosy, malaria, leishmaniasis, trypanosomiasis, Takayasu's arteritis, 
polymyalgia riieumatica, temporal arteritis, schistosomiasis, giant cdl 
arteritis, ascariasis, aspergiUosis, Sampter's syndrome, eczema, lymphomatoid 
granulomatosis, Behcet's disease, Caplan's syndrome, Kawasaki's disease, 
'lengue, encephalomyelitis, endocarditis, endomyocanlial fibrosis, 
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endophthalmitis, erythema devatum ct diudnum, psoriasis, erythroblastosis 
fetalis, eosinophiUc faditis, Shulman's syndrome, Fdty's syndrome, filariasis, 
cyclitis, chronic cyclitis, heterochronic cyditis, Fuch's cyditis, IgA 
nephropathy, Henoch-Schonldn purpura, glomerulonephritis, graft versus host 
disease, transplantation rejection, human immunodefidcncy virus infection, 
echovirus infection, cardiomyopathy, Al2hdmer*s disease, parvovirus 
infection, rubdla virus infection, post vaccination syndromes, congenital 
rubella infection, Hodgldn's and Non-Hodgldn's lymphoma, renal cdl 
carcinoma, multiple mydoma, Eaton-Lambert syndrome, relapsing 
polychondritis, malignant melanoma, cryoglobulinemia, Waldenstrom's 
macroglobulemia, ^stdn-Barr virus infection, mumps, Evan's syndrome, 
and autoimmune gonadal faUure. Immunization is any procedure occurring 
leading to a humoral or cdlular immune response to a specific substance. An 
autoantigen is any protdn, or portion of a protein spedfically recognized by 
and bound to an autoantibody. An etiologic or antigenic agent is any agent 
eUciting production of autoantibodies, induding infectious agents such as 
bacteria, viruses, viroids, Ridcettsia, and fungi, or environmental agents, 
induding foods or chemicals. An autoantibody is any immunoglobulin, 
antigen spedfic B ceU suifece recqjtor (surfece immunoglobuUn), or antigen 
specific T cell receptor directed against a sdf-antigen, such as a protein or a 
nucleic add. An antibody is ^^y immunoglobulin, antigen specific B cdl 
surface recq)tor (surface immunoglobulin), or antigen spedfic T cdl receptor 
directed against a antigen. 

TTie methodology, which can be appUed to determine the antigenic or 
etidogic agent for any autoimmune disorder, potentially autoimmune disease, 
or disease having immune manifestations, was spedfically ^lied to the 
determination <rf an etiologic and/or antigenic agent didting autoantibodies 
such as Ro/SSA in patients having systemic lupus erythematosus (SLE). " 
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The single amino add code is used in the figures and foUowing 
examples, as follows: 



A • alanine 
C - ^steine 
D • aspartic acid 
E • glutamic add 
F - phenylalanine 
G - glycine 
H.- histidine 



I • isoleudne 
K - lyane 
L- leucine 
M • methionine 
N- asparagine 
P- proline 
Q - glutamine 



R • aiiginine 
S • serine 
T • threonine 
V-valine 
W-tiyptophan 
Y - ^sine 



As used herein, homology between two peptidt sequences is defined 
as having at least three identical or structmally similar contiguous amino 
adds in common between the two peptides. Contiguous means covalenUy 
bound amino adds or amino adds presenting a contiguous sequence to an 
antibody Ci-c. This would also indude structures such as the beta pleated 
sheet where every other amino add may bind and, hence, every other amino 
add of a structure would be identical or structurally similar). Piotdns 
defined as having regions of homology and antigenidty are protdns having at 
least two contiguous sequences of three or more amino adds in common, 
based on identity or structural similarity, which react with the same source of 
antibody. 

Example 1: Prtparation of Ro/SSA fcagmeiits and Identlflcatlon of 

Peptides reacting witii anU-Ro/SSA antibodies. 
Isolation of a m^or fanmunoreactive fragment of an autoantigen. 

Highly purified bovine Ro/SSA and sdective Umited proteolysis with 
Staphylococcal V-S protease was used to identify a major immunoreactive 
fragment with an apparent molecular wdght of 13 kD on Western blots with 
polyclonal rabbit antr-Ro/SSA serum and a reference anti-Ro/SSA patient 
serum. Afier dcctroblotting onto polyvinylidene difluoride (PVDF) 
membranes, the 13 kD pq)tide was partiaUy sequenced. TTie sequence 
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showed a close homology to the predicted amino add sequence ftom the 
cloned human cDNA for the Ro/SSA ribonucleoprotein beginning at amino 
add residue 419 and continuing through 540. Overlsqiping octapcptides of 
the cariwxyl tenninal portion of Ro/SSA were synthesized which induded the 
13 IcD peptide. An octapeptide with the sequence, EYRKKMDI, 
demonstrated maximal antigenidty with the reference anti-Ro/SSA serum 
(Figure 1 and Figure 5). The surrounding overiapping pqitides were also 
antigenic but less reactive in EUSA. Two s^arate antigenic octapq)tides 
- with less reactivity and with no overlapping antigenic pq)tide3 were also 
identified. 

Spedfic references for procedures used herdn are herd>y 
incorporated by reference. 

Antisera to bovine Ro/SSA has been prepared as described by 
Mamula, et al., J. Eg?. Mw!, 86:1889-1901 (1986). New Zealand White 
rabbits are immunized with 200 mg purilicd Ro/SSA in complete Freund's 
adjuvant both intramuscularly and subcutaneously. they have been boosted at 
2 weeks and 4 weeks with intravenous injections and bled 10 days later. All 
human ser? used have been obtained from rheumatic disease patients or 
normal laboratory personnd. 

For Staphylococcal V-8 protease digestion of Ro/SSA, purified 
bovine Ro/SSA was concentrated 0.1 M ammonium bicarbonate buffer at 
pH 7.9. Samples were evaporated to dryness and aliquots of Stqyf^lococcus 
aureus protease (Type XVH-S Sigma Chemical, St. Louis, MO) were added 
at an enzyme to Ro/SSA protein ratio of 1:15 (w:w) in the presence of 0.1 % 
sodium dodecyl sulfate, and 50 ng/tal RNAase (Sigma Chemical Co., St, 
Louis, MO). Digests were carried out in a shaking water bath at 37*C for 2 
hrs after which they were desiccated under vacuum and stored at -20'C. 

A number of proteolytic enzymes were used to fragment the Ro/SSA 
molecule which yidded different numben and sizes of immunorcactive 
peptide fragments. The enzyme which gave the greatest number of 
immunoreactive peptides in Western blots was St^hylococcal V-8 protease. 
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Under the ^jpropriate pH conditions (at pH 7.8), this enzyme has been shown 
by Houmard and Drapeau, Proc. Natl. Acad. Sci. TTSA 69:3506-3509 (1972), 
to cleave rather selectively on the caiboxyl side of glutamic acid. A number 
of different conditions were tested to determine the optimal parameten for 
- digestion of Ro/SSA. Optimal conditions utiilized a 1:15 enzyme (V-8 
' protease) to protein (Ro/SSA) ratio, with 0. 1 % sodium dodecyl sulfete and 
RNAase at 50 /ig/ml, and digestion at 37'C for 4 hrs in a gyratory water 
bath. 

Twelve and one-half percent (12.5%) polyaciylamide gels with a 
4.5% polyaciylamide stacking gd with 0.2% sodium dodecyl sulfete were 
employed utilizing discontinuous buffer conditions for analysis of peptides by 
Western immunoblotting. All samples were boiled in the presence of 4% 
sodium dodecyl sulfete and 10% 2-mercaptoethanol for 5 min prior to 
electrophoresis. Digests of purified bovine Ro/SSA were analyzed by 12.5% 
polyacrylamide gel electrophoresis using the method of Mamula, et al., L 
felL_MeL 86:1889-1901 (1986). Protein samples were then electroblotted 
onto nitrocellulose or polyvinyladine difluride (PVDF) membranes using the 
proojdure of P. Matsudaiia, J. Biol. Chem. 262:10035-10038 (1987) in a ' 
TiansBlot apparatus (BioRad Labs, Richmond, CA). Transfers were done 
overnight at 200 mAmps in 0.025 M Tris, 0.192 M glycine, and 20% 
methanol, pH 8.3. Nitiocdlulose b'*^ were tlien stained with Fas^reen 
(0.1%) to validate molecular weight by simultanetiUsly processed standards. 
After blocking, serum samples containing autoantibodies were diluted and 
allowed to incubate with gende agitation for 4 hrs. After washing, specific 
anti-human or anti-rabbit IgG gamma chain specific (Sigma Chemical Co., St. 
Louis, MO) conjugated to alkaline phosphatase was added (at 1:7500 dilution) 
in 0.1 M Tris. 0.1 MNaCl, 0.005 MMgCl, at pH 9.5. Gels were then 
exposed to substrate, 5-bromo-4-chloro-3-indolyI phosphate and nitroblue 
tetrazoUum (Promega Corporation, Madison, WI), for 2-10 minutes, allowing 
development of bands. 
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Staphyl<x»ccal V-8 protease digests of Ro/SSA (20 ^g) were 
dcctrophoresed, electioblotted and probed with heteroimmune rabbit sera 
laised against purified 60 kD Ro/SSA al dilutions of 1:1000. A number of 
iraraunoreactive peptides were generated. Strongly immunoreactive peptides 
were found with molecular weights of 51 IcD, 40 kD, 35 kD, 28 Kd and 13 
IcD, with minor bands at 56 kD, 45 kD, and 22 kD. 

Similarly, digests were electrophoresed, dectroblotted ;md probed 
with human serum (at a 1:100 dUution) from a patient with systemic lupus 
crytliematosus (reference serum). This patient had precipitating antibodies to 
bovine and human Ro/SSA by double immunodiffusion. Anti-Ro/SSA ELISA 
revealed a Ro/SSA titer of 4.44 x 10* units which is approximately equivalent 
to 8 or 9 mg of specific anti-Ro/SSA autoantibody per ml of serum, as 
reported by Gaither and Harleyi Protide^ Bini Pi nid, Pity. r^\ ]^ 33.413, 

416(1985). Major immunoreactive peptides were noted with molecular 
weights coiTCsponding to 51 kD, 30 kD, 28 kD, and 13 kD. Both the 
heteroimmune rabbit sera and SLE patient sera defined a major reactive band 
at 13 kD, which was selected for amino acid sequence analysis. To sequence 
peptides the band of interest was cut from the polyvanilidine difluiide 
membrane and sequenced directiy as described by Matsudaira. J. Biol. Cht^m 
262:10035-10038(1987). 

For sequence analysis, ??tephylococcal V-8 pixrtease digests (100 
/ig/lane) were electrophoresed on 12.5% gels and dectioblotted onto 
polyvinyUdenc difluoride membranes, which have been shown to provide 
excellent solid phase support for sequencing in automated gas phase 
sequenators. The band contsponding to 13 kD was carefuUy cut from the 
membrane and sequenced on an automated sequenator, as described by 
Matsudaira, f. Bip]. ChCTl> 262:10035-10038 (1987). TTie amino add 
sequence demonstrates close homology to doned human Ro/SSA, being 
Identical at 19 of 20 amino adds where sequence data was available, 
beginning 119 amino adds from the carboxyl terminus of the 60 kD Ro/SSA 
protein. 
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Synthesis of short, OTerlapping octapeptides based n the sequence of the 
nu^or immunoreactive autoantigen peptide. 

Overlapping octamers differing by one sequential amino acid were 
assembled for the 119 amino acids of the caiboxy terminal peptide. The 
predicted amino acid sequence for the human 60 kD Ro/SSA gene product, 
reported by Dcutscher, ct al., Proc. Natl. Ararf Sri 85:9479-9483 (1988), 
was used as the template to determine the appropriate amino add sequence. 
The differences between this sequence and the predicted amino add sequence 
from the clone obtained by Ben-Chetrit, et al., J. ain. Invest. 83:1284-1292 
(1989), were also included but are not shown in the Figures 1, 2 and 3. 

The 20 naturally occurring amino adds, all with Fmoc protected 
primary amino groups and with t-butyl protected side chain groups were used 
in the synthesis. Octapqjtides were synthesized at the tips of radiation 
deri^-atized polyethylene rods which were arranged in the format of a 96 wdl 
microliter plate (Cambridge Research Biochemicals. C:ambridge, UK) as 
described by Geyson, Proc. Na tl. Acad. Sd . ttsa, 81:3998-4002 (1984). 
F-moc, t-butyl amino acid solutions (30 mM) were prepared in 
N.N-dimethylformamide (DMF) which had l-hydroxy-bcnzotriarole added to 
final concentration of 30 mM wid dispensed into the wells of a microliter 
plate as dictated by the known sequence of the human Ro/SSA cDNA. After 
18 hn the pins were then bathed so^ jcntially, once in 
N.N-dimethylformamide for 5 min, four times in methanol for 2 min each, 
and once in final N,N-dimethylformanude for 5 min. TTie Fmoc protecting 
group was then removed from the amino add added last by a 20% 
piperidine/DMF bath for 30 minutes. IWs procedure was repeated untU the 
desired peptides were assembled. Once the desired length was reached, the 
amino terminal group of each peptide was acetylated by placing the pins in a 
5:2:1 (v/v/v) mixture of N,N dimethylformamide:acetic 
anhydride:triethylamine for 90 min at room temperature. SubsequenUy, the 
pins were bathed in N,N-dimethylformamide for 2 min, four times in 
methanol for 2 min and then air-dried for 10 min. Finally, side chain amino 
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f»^t roup, «« ran,^ by . 9,:2j._2J (v/w/v) of lrinn<«c«ic 
acid:pha,ol:«h,^«o,. H„, were U„, w«w ^ 

2 nun. two dm« fa 5% diisopnwleaylene fa m«hyl«e chloride for 5 mfa 
"d «p.a«d Chloride for 5 ndn. Afted„fag for, o™fa,pi„ ' 

w« placed fa dM«l B,0 for 2 rata. «„sfe.«, to , „«tanol tad, f„ 18 
MS and dried under vacuum for 18 hra. 

by l^venng d„ pfa ^ y,^ P.a» Fin.. pfa, 

blocked wid, 1% bovfac «n,™ (bsA) fa PBS wid, 0.05« -rVeo, 

ffBS/TVeen) »«l «r. a 1:100 diludon fa 1 it BSA fa 

ras ovemigh. „ 4-C fa . h»™idifi«i dosed conafaer. The pfa blocb we,. 
d»n w^hed f»r «™« wiU, PBS/lVcen for 10 nd„ wi«, 

ll«n. each pfa was faoitated wid, a saphylococcal p,«efa A-altaltoe 
Phosphaa* co„j.p,e or .„ and-h„™a„ chafa ,p^c IgO f™, goal 
.bo conjugal u> IMne pho,phau« (Sig™ Chanical Co., St Loui, MO) 
dd„^ 1:300 au-c for 18 hrs. Washfag wa, repeal a. 
"cubadon of d,e pi„ fa pa,a.um,phe„y, phosphaB disodium. Watt, «re 
"^d a. 405 n™ wid, a MicoEUSA Reader (Dynatech. A!e»,dria. VA) 
Cl.ssllIca.lon of .cUp.pdd« l.,o ,r«,„ b.s«I .„ ta™.„,«cU^ „^ 
acti-autoantigen sera. 

The soUd phase assay -vith the octapq,tides covalenfly bound to the 

sohd phase was used to scrten for immuno^activity against normal human 
sera, against anti-Ro/SSA serum identifying the 13 kD peptide and against 
anti-Ro/SSA serum not identifying the 13 kD peptide. 

The lefercnce sera bound one group of six consecutive octamers 
spanning the amino acid residue positions 48(M94 which had marked 
^activity above that of both normal serum and other sumnmding octamers 
as shown in Figure 1. T^e conesponding sequence A I A L R E Y R K K 
M D I P A is predicted to contain an antigenic site and to have a high 
likehhood of being on the surface of the Ro/SSA 60 kD molecule. Major 
reactivity also wided in these and neighboring amino adds in seven 
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additional anti-R /SSA positive seta identifying the 13 kD peptide in Western 
blots (Figure 2). This region has die second highest antigenic index in tiie 
119 amino acid sequence, as determined by tiie algorithm of Jameson and 
Wolff. CABIQS 4:181-187 (1988)(Figure 1). 

Figure 2 presents tiie log average witfj respect to binding carboxyl 
terminal 1 12 overlapping octapeptides of eight anti-Ro/SSA patients who are 
positive in Western blot for binding to Uie 13 IcDd pq,tide of Ro/SSA in 
Panel A. Panel B presents patients who are negative for binding tiie 13 kD 
peptide. There are tfiree groups of octapeptides tiiat appear to be 
substantially more reactive in flie sera which bind tiie 13 kD peptide. n,ey 
are octapeptides begimiing at residues 457 through 462 (Group A), nsidues 
477 tiirough 485 (Group B). and residues 525 tiuough 527 (Group Q. iTiese 
contain «qucnces T N T P A D V F I V F T D. V H P A I A L R E Y R K 
KMDI,andALDVIRNFTL, respectively. Group A was identified 
by tfine. Group B by seven, and Group C by four of tiie eight 13 kD binding 
anti-Ro/SSA sera tested. Panel C shows the maximum reactivity of tiie eight 
sera which bound.tiie 13 kD peptide (shaded bar.) and tiie two sera which did 
not bind tiie 13 kD peptide but for which an argument could "be made for 
binding Group B oct^des (opened bars). Note tiiat tfie octapeptide of 
maximal binding for individual serum (Panel Q is more tiian twice tiie 
binding of tfie log averages (Panel A> for the anU-13 kD Western immunoblot 
positive sera. Ncvertfidess, tiie potential to most clearly reflect binding 
tiie 13 kD Ro/SSA peptide appears to be found in tfie octapq)tides spanning 
residues 477 and 492. 

To determine whetiier binding observed in tfie region between amino 
acid residue 477 to 492 represents specific antibody and, more particularly. 
anti-Rc/SSA autoantibody binding, inhibition experiments were performed ' 
usin^ s^tiiesized peptide and affinity purified bovine Ro/SSA antigen. n,e 
reference serum maximaUy bound at tiie octapq,tide beginning at amino add 
residue number 485 and had tfie sequence EYRKKMDI. A number of 
pins were prepared witfi tfiis sequence. Standard techniques were used to 
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P«P« a pqxide contafatag tti, c A L R E Y K K M D I P A 

"d «™ .^w, „^ „ E Y R R K M D 

I inWbiW bfadtag of »fflxrfy „ «,e «Kd pha« while U,o« 
« fte E Y R K K M D I «^ „«. 

KMDIwhUel«™e«™,„ta^^j^ Together. u,«e ,e»,„ 

««bli* fl^ hindtag .0 E Y R K K M D I a «K. Uu, to 

■spm of the Mfl-Ro^SSA population of mtibodies. ' 

Tl«e«diff««,<«be^«,„,»eh««„Ro«SA»tige„«<p,e„« 
have been p„bU*ed by Deutsche, e. at. aB£j&fl.^iad^cr 

bound tooctapeptide, Which ate ,„U,„e to «„c»boxyI 
«nn>„usofthe60IcD«,uo,cep„bashedbyBe„-Cherit.«al. 

T«blel: I^Won of bliidiM to E Y K K M n 1 1. . . 

Mtabl. .yWh^bed^j^ or wM. 

Prelnaibailon conditions for j. 

None 

0.700 0 
Ro/SSA (10 mcg/ml) ^ 220 

Ro/SSAdOOmcg/ml) ^ 

.Albumin (10 mcg/ml) 0 710 

CALREYRKKMPXPA o,136 
EKQIANSQDGYVWQVTD 
YKGEWKPQIDNPD YKGT 
EDKEEDEEEDVPGQAKDEL 



68 
84 
0 
80 

0.680 3 



0.706 0 
0.694 1 
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A representative experiment is as foUows. A 10* dilution of anti- 
Ro/SSA reference serum was preincubated with bovine Ro/SSA or bovine 
serum albumin at the concentration indicated above or witii one of four 
peptides at 10 mcg/ml before being incubated with polyethylene rods 
containingcovalenUy bound EYRR KM DIpeptide. Theextentof 
antibody binding was monitored at 405 nra and was detected wiUi an anti- 
human gamma chain specific conjugate to alkaline phosphatase and an 
appropriate substrate, in this case, p-nitrophenylphosphate. The sequence 
bound to die solid phase rods. E Y R K K M D I, is underlined in the 
syntliesized soluble peptide containing the sequence from 480 to 492 of the 60 
kD Ro/SSA peptide. 

Example 2: Relationship between the eo kD Ro/SSA peptide and the 
nucleocapsid protein of tiie Indiana strain of vesicular 
stomatitis virus (VSV). 

The octapeptide beginning at amino acid residue 485. EYRKKMDI, 
had the greatest antigenicity wiUi the reference anti-Ro/SSA serum in the 
carboxy terminal 13 kD fragment of Ro/SSA (Figure 1). A seareh of the 
National Biomedical Research Foundation (NBRF) protein sequence bank 
found the sequence EYRKKLMD in the nucleocapsid (N) protein of the 
Indiana stiain of vesicular stomatitis virus which with the inclusion of a gap 
(•) in the Ro/SSA Sequence of EYPKK*MD has very close homology. 

It was reasoned that if homology between N and Ro/SSA was 
reflected in one antigenic site, then other sites of Ro/SSA antigenicity might 
be related to homology between N and Ro/SSA. Six regions of at least 
quadrapeptide homology were shown to be shared between N and Ro/SSA 
(Figure 4). A quadr^tide level of homology was initiaUy chosen since tfus 
shcwld be suffidenUy infrequent to be important from the perspective of the 
number of comparisons made and yet be targe enough to be of potential 
importance for antibody binding. Qeariy, epitopes may be small since tfie 
alteration of a single amino add in an antigen is often suffident to 
substantially decrease binding, as demonstrated by Rdchlin, M., 
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^mmunochrnii^tTJt ll:21-27 (1974); Benjamin. D.C.. et al., Ann. 

S'C''' '''''' ^''^-^^^-'^ 

To assess whether structural similarity, as measured by quadrapeptide 
homology, is xdated to the antigenicity of Ro/SSA. an algorithm was derived 
to estimate the probability of there being an assodation between antigenicity 
and homology, nrfcrred to below as the Antigemdty Alignment Probability 
First, the central octapq,tide of each qntope was chosen foUowing the 
application of simple rules. Only octapeptides bound by the anti-Ro/SSA 
Inference serum with an absorbance greater than 1.0 could become the central 
antigenic octapeptide for an epitope. One central antigenic octapq«ide was 
chosen from amongst multiple neighboring octapeptides with an absorbance ' 
greater than 1.0 when all octapeptides showed at least quadnipq,tide 
homology. Octapeptides developing an absorbance less thanl.O wer« taken 
into account only when an otherwise equivalent choice was required between 
candidates for the central antigenic octapeptide. Then, the oct^tide with 
the greatest near neighbor octapeptide binding by the anti-Ro/SSA serum was 
chosen. 

Following selection of the central octapeptide of each qritope the 
octapeptides of the Ro/SSA molecule were organized into groups basei upon- 
the presence or absence of homology with N. A threshold of at least 
quadrapeptide homology was rcquinxl for an individual octapq«ide to be 
included in a group of Ro/SSA octapq«ides all with this levd of homology to 
N. By these criteria, there wm six groups of Ro/SSA octapeptides with' 
homology to N. Each member of these octapeptide groups had quadrapeptide 
homology between N and Ro/SSA and are identified by the solid areas in 
Figure 3. The remainder of the molecule was arbitrarily divided into groups 
ofoctapeptidesofessentiaUythesameav^agesize. No Ro/SSA octapeptide 
member of any of these latter groups had quadrapeptide homology with N. 

A contingency table was developed by assigning each group of 
Ro/SSA octapeptides to one of four categories based upon the presence or 
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absence of homology be««a, N aKi Ro^sSA »d .pon whefter or not fte 
poup conuined „ ocOpepMe to, tad pnrWoudy bco, idenSfied « , ^ 

Ro/SSA wtach sta«l qo^r^Bde honxJos, wid. N .!« confined . 
cenWandjenicpcpdde. ^ ^p^,, ^ ^ ^ 
o«WSde roop, Which tad no kon,oIo|y wid, N eonained . 

c«-«d Mdgenic pepdde. Antigenic ASgmm Pn*al,ili>y for tte 
epitopes of Ro/SSA »d i.s homology „iu, n is 0.00017; meaning Urn ««h a 
^onship wodd b. expec^d only ««. ev«y 5.900 such con,p,ri»ns. "The 
Odds rado of 45 wid, a 95% confidence i«cval of 4.7 u> 426 also snppom 
^ bong a sTong rdaSonship. 1^ u. d»rfo«. a powerful assodadon 
be««en d,e autoimmmi^y of Ro/SSA and U,e sWcto, of d« N protein of 
vcs-cuiar stomatids vin,s. -I^esc d,e fl« ^ ^ 

of sequential antigenicity may bo «i«ed to multiple .«s of short 
sequence homology between «, autoantigen and a foreign ptwein. 

A number of probabiliv arguments can be made ttol the seo«aoe 
homology betwe«, Ro/SSA and N is related to U^e autoantigenidty of 
Ro/SSA In addition to ti,. Antigenic Ahgmnent PiobabiHty (p<0.0002). the 
«ve„ of eight match of EYRKK^ of RWSSA wid, EYRHCLMD of N is 
by Itself vc-y unliiely. If, ^ p^^oning of fl,e twenty amino acMs 
»d a r^„ distribution of amino adds within sequences is «sumed. ti,«, a 
Pn*>bd,6, of 6 , lO' am be estimated. Since flK« are 3,318 616 
octapcptides in the NBRF data base, one would «pec. ,0 find «, .«„ge of 

^flmes.d.,ab,s..fflUs,i«eU.e,«*«l. Witi, ti,«e .sumptions in 
«*l.i.o« to considering overlapping quadtapepttdes as indq«ndent, the 
l^eUhood of finding ,*„ p„teins fl,e tire of Ro/SSA «,d fl,e N proidn with 
« l«3st the quadtapeptide homologies presented to Figure 4 would be 
«P«ted by a Poisson distribution in less ttan one of evety 50,000 pairwise 
comparisons. 
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The number of available sequences is now large enough so the 
conclusions and assumptions underiying a lelationshq) discovered on the basis 
of homology may be directly appraised by simulation experiments. To 
determine how unusual the level of homology observed between Ro/SS A and 
N is, every protein in the entire NBRF data base was assessed for 
quadrapq)tide homology to Ro/SSA. Every area of quadnipcptide homology 
was included in the comparison and normalized for every 100 amino adds of 
Ro/SSA and of the query protein. If all overlapping quadrapq)tides are 
independent, then Ro/SSA and N achieve a specific homology score of 0.401 
(Table II). Homology at this level was unexpectedly common since there 
were 309 protein sequences or 2.5% of the NBRF data base with a greats . 
homology score. Certainly, homologies at the density found between N and 
Rd/SSA are much more frequent than one in 50,000 as estimated above. The 
assumptions commonly made for probabiUty estimates concerning the equal 
partitioning or random distribution of amino acids must, therefore, be wrong., 

nie central issue is whether or not antigenicity of Ro/SSA is more 
closely related to homologies between Ro/SSA and another sequence in the 
data bank rather than that already identified between Ro/SSA and N. The 
simulation experiments have been extended to calculate the Antigenicity 
Alignment ProbabiUty for all 12,476 protein sequences in the NBRF data base 
as shown in Table n. A number of sequences are shown to have a 
potentially important association between homology and antigenicity; sixteen 
have Antigenicity Alignmen: Probabilities less than 0.01 (Table A). For 
every one thousand tested, 1.3 sequences achieve this level of probability. 
Nevertheless, of the 12,476 protein sequences, the N protein of vesicular 
stomatitis virus remains the most closely related to the autoantigenidty of 
Ro/SSA. Comparisons are made in Table H. 
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Tablett Ptotein Sequences wfth Homology t 60 kD Ro/SSA th«» ;< 
Potentially Associated with Ro/^A Antc^U^ 



Antigenicity Odds 

Alignment p^Uo Homology 

Probability (!») forAAP Score 



^ntda (spedes-^train) 
NBRF Access Code 



0.00017 


45 


0.401 


0.0012 




0.312 


0.0036 


18 


0.173 


0.0053 


11 


0.614 


0.0053 




U.O70 


0.0053 






0.0062 


22 




0.0068 




U.j41 


v.uiK>o 


24 


0.150 


0.0068 
0.0063 


24 
24 


0.073 
0.190 


0.0078 
0.0078 


22 
22 


0.783 
0.211 


0.0078 


22 


0.372 


0.0087 


11 


0.121 


0.0090 


22 


0.115 


0.0097 


10 


0.202 



Nudeoprotdn (vesicular stomatitis 

vims-Indianay^/hvnn 
Nucleoprotcin (vesicular stomatitis 

viruS'Indiamy-vhvnvA 
Rlbonudeoside diphosphate 
reductase (£ co/0-s00926 
Thymidylate Idnase (S. cerevisiae)- 
kibjrtS 

Thymidylate Idnase (5. cerevisiaey 
a26127 

Probable glycoprotein H (H. zoster)- 
vgbe37 

Interferon-induced 56 IcD protein 

(H. J<?p/e«)-a25407 
Histone H2A.vD (D. meUmogastery 

S01234 . . « 

Cytochrome p450 in(A4) 

(O. cuniculusy-dSSASl 
RAD2 protein (S. cerevisiae)'a29$39 
Achaete-scute locus protein T8 

(2). mtftow^ajrtfr)-s01166 
Histonis H2B (C Wtf^aw)-hskw22 
Cytochrome P450 PB-l(ps) 
(R. norveiicus)-2QS5l6 
Heat-labile enterotoxin A chain 
precursor (E. co/O-gleca 
Pol polyprotein p. melanogaster)- 
gnft42 

Cl-tetrahydrofolate synthase 
precursor (S. cerevlsiaey-alBni 

Transforming protein precursor 
(H. sapieny-tvhudb 



The Antigenicity Alignment Probability is calculated ftom a one-tailed 
Fisher's exact test of the categorical distribution of the central antigenic 
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octapqjtides upon the groups of octsq)eptides of the Ro/SSA sequence 
organized according to the presence or absence of quadrapqnide homology 
The Odds Ratio for AAP (Antigenicity Alignment PiobabiKty) is the odds 
latio of the resulting contingency table. TTie Homology Score is a measure of 
overlapping quadrapq,tide similarity between Ro/SSA and the query protein 
It IS calculated for each region of homoK^ as X-3 where X is the number of 

amino adds with exact homology and then expressed as the density of 
overlapping quadrapeptide homologies per 100 amino acids of Ro/SSA and of 
the query sequence. 

Vesicular Stomatitis Virus 

Vesicular stomatitis virus is the prototype of the Vesiculovirus 
genera, and both New Jersey and the Indiana strains are in common 
laboratory use. 1T>c N proteins from the two strains are 80% homologous at 

ZTTT''' " ^ ^ 39:529. 

535 (1981); and Banerjee, A.K.. et al.. ^^Msa^ 137;432wJ38 (1984) n,e 

differences are sufficient, however, to dramaticaUy alter the alignment of 
homology with antigenicity. Only three areas of quadrapeptide homology 

exist between the New Jersey N protein and Ro/SSA and of these, only one 
Identifies an antigenic octapeptide of Ro/SSA. The Antigenicity AUgnment 
PiobabrUty. calculated as in Table n. for homology of Ro/SSA with N 
protein of the New Jersey strain being associated with Ro/SSA 
autoantigenidty is 0.95. TOs is dramaticaUy different than the resuU 
obtained with the Indiana st^inNprotdn. Hie New Jersey strain is 
therefore, not likdy to be the most dosely related to the candidate viral 
agent 

Two Indiana strain N protdn sequences are available which vary by 
only three amino adds, as described by Gallione. CJ., et al., j. vin^l 
3^:529-535 (1981); and DdPolo. N.J.. et al.. 1^ 61:454^464 (1987) 
One of these changes is found in an area wh«e homology and antigenidty 

would otherwise coindde and. hence, the Antigenidty Alignment Probability • 
«. adversdy affected CTable n and Figure 5). Despite the dimination of a 
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Si,. Of homology, ttis achi.™ a« «„„<, moa sig,Ufa„, 

Anbge™^, Alig„„^, p^biB^ „f ^ ^^^^^ in the <ua ta« (Table 

The amfao add sequa.ee of the India™ arata in the msar 
noehborhood of idendcal homology with IWSSA (Figure 5) p^vides 

addmonal evidence Ha, uu. «,»ta m„a be voy dosely «la,ed to the 
^"didate vin^ i"""^ of single «ni„o «id gap, in the Ro/SSA 

^ 5 L, «ch ««a„c. the gap i, fo™. i„ ^ ^ 

=^y s,de of an Of „ ^ 

R^SSA. Of «,eth« region, With near neighboHKod homology ,i«, 

"T " N p^ein ha, no 1 ^ 

n««hN»hon,oIogy. Sudtaimiiarity i, p,e«.t in the New ,e«y ,.„in 
^log^. b^ neither of fl« .w, region, i, antig«Uc. I„de«,, ,f the 35 
^ «..h the „K»t .gnincant Antigenicity Aiig„„^, ^ 

«.u Ro/SSA „ d.d the N p^tei, (p<o.o,5 by the Poison diaribntion for 

N CF.|n„ 5,,. ™, re,„,. mean, that K i, «cepdonaI. even of the 
"bgemcttyj^, ^^^^ ^ ^ J^^^ 

.A.gnme,.P^^(Ta,ien,.thi,i, addition,, a^ " 
»h«h fimhe, arggea, . „haon*ip between N and Ro/SSA «««Mige„ici,y 
""'"^■«<'f'«ic«Iaraomad,i,vin„„^^ • 

•fa « edologic agent of the and-Ro/SSA .«odat«, rheumatic 

^'^™'"«™-'"^viru,.eader«^e.bind, 
U«SB «,d the earltea icnown effect of ve^cuiar aomatiti, viru, infe^^ 
upon cd iuhr m«aboli,m i, the inhibidon of Up,.«cle »^iy. „ 
by Kunila. M.O., « al.. cai 34:837-845 (1983); F,e«» L D et alTT 
.n4.,55 0,8.. and Co.. .... „ i^"^;^ 

4180 (1989). La/SSB and the U particles a.-» f«mm«- . . • 

V H^ucics srt common aatoandgens in 
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systenuc lupus «ythenu«osus. as by Harley. J.B.. « al.. Etanatic 

P i »asg Qinin of North Ammra- SvTtrmic L.m... Prvth r mam Tin I4(i): 43- 
56 (1988). Vesicular stomatitis virus infects ceUs through nonspecific 
glycoproteins. Consequenfly, ti,e vims has a tremendous host nmge even 
with isolates from plants growing weU in mammalian tissue culture oils as 
described by Superti. F., et al., J. Gq,. yjn)! 68:387-399 (1987). A v«iety 
of human tissues would also be expected to suppon tiie viral infection 
perhaps reflecting the clinical heterogeneity of SLE and Sjorgren's syndrome 
Vesicular stomatitis virus has improved survival in complement deficient 
serum which is consistent with the observation that many complement 
component deficiency states predispose to SLE. reviewed by Beebe D P et 
al.. LJniimmflL 126:156M568 (1981); AgneUo. V.. in SmimLm'^ 
EathcmatfiSIlS. pp. 565-589 (John Wiley and Sons, New York 1987) 
Patients witi, SLE produce very high levels of interferon which induces 
latency of vesicular stomatitis virus. Interferon inhibits the production of 
intact virions which could explain the inability to find assembled viral 
particles of any origin in patient tissues, as reported by Prebie, 0 T et al 
Sfiknsc 216:429-431 (1982); Bishop, D.H.L.. Blab^toims^ pp. ^9^98 " 
(CRC Press. Boca Raton. FL 1980). During latency, viral antigens are 
expressed on ceU surfeces. which may constitute a source of continuing 
antigenic stimulation. 

An alternative model of disease in which the specific autoantibodies 
produced arc a consequence of a general defect should also be considered 
TT»e N protein and vesicular stomatitis virus wotild accordingly only be 
related to anti-Ro-SSA autoantibodies. Otiier viruses or foreign antigens 
would serve as stimuU or immunogens for other observed autoantibodies and 
oft^ autoimmune disease related phenomena within the context of the general" 

•mere have been no reports of vesicular stomatitis infection of 
livestock in Europe. Since ti,e anti-Ro-SSA associated human diseases occur 
in Europe as weU as in North America, tiie Indiana strain of vesicular 
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Stomatitis vixus may not itself be involved with the anti-Ro-SSA autoimmune 
xcsponse. Then are, however, over thirty in wn strains of related • 
rhabdoviruses; for most, the global distribution is unknown, as rtportcd by 
Bishop, D.H.L., Bliabdffltecs, Vol. 1, pp. 1.22 (CRC Press. Boca Raton 
EL 1979). 

Analysis of tripeptide homolocy between N protein and Ro^a 

As a trial of the robustness of the overall method, the Antigenic 
Alignment ProbabiUty was revised for the case of tripeptide homology 
between N and Ro/SSA. Antigenicity was defined by central antigenic 
octapepride binding by the reference anti-Ro/SSA scrum as presented in 
Figures. Eight of the twenty-seyen areas in Ro/SSA which had at least - 
tnpeptide homology with N were antigenic while only six of the fifty-two 
areas with no tripeptide homology were antigenic. Tlierefore. the Antigenic 
Abgnment was 0.048 with an odds ratio of 3.2. This is a much weaker 
association than was found at the quadrapeptide level but nevertheless remains 
sigmficant. ConsequenUy, these data support a specific autoimmune 
«lationship between N and Ro/SSA even at the level of tripeptide homology 
where the number of antigenically irrelevant homologies may be increased 
Other Antl-Ro/SSA Sera. 

•ni« antigenicities of a total of six anti-Ro/SSA sera were evaluated 
for binding to the 531 octapq,tides of Ro/SSA. Two sera which formed a 
Piecpitate with purified native 60-kDa Ro/SSA but did not convincingly bind 
60.kDa Ro/SSA in immunoblots did not bind any of the Ro/SSA oct^des 
above background. Presumably, the anti-Ro/SSA autoantibodies of these sera 
bind only conformational epitopes. Sera with similar behavior have previously 
been described in an immunoblot analysis by James, et al,. ArthniiLBham^ 
33:102-106 (1990). and in the experiments analyzing the fine specificity of 
the 13-kDa carboxyl terminus of Ro/SSA. The other sera bound an 
approximate subset of the epitopes bound by the reference serum as presented 
"> Fig. 3. The positions of the central antigenic peptides for these sera are 
indicated in Fig. 3E. With the Indiana serotype N sequence (V H V N N). 
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ToZn ''^'"''"^'^"^'^ f 0.00,3, 0.0048. 

«cnd tod^™ «„i„ N ^j^.^ in Fig. 5 (V H V N 

4)J *. »dg«Uc align™™, p^aito «„ wgto »i,h N p™«n 
0.0««0. 0.0<«i6. 

do no. .PP- .0 «„d U« .inc, ^ 

Ro/SSA w.(h an N p««an of vesicular aonadli, vi™ 
Ex-npl. 3: App.lc„.„ .f o,«h«, ofld^Uf^g „ „ 
potenUal Immoaogen for (he La/SSB and nRNP 

autoantigens* 

Antt-Ro/SSA a^oanSbodie, have been .«odaKd wift „a,er 
«»y>o^ including an »«.1^SB. gene for U«Sb ha, been 

a^ m.l8043..805,„„„. ^ one compare. «„a.^^ 
17 ^^reptide Which spans *e anUno acid ^ 485 ,o 492 

U« taown sequence of U/SSB. «,.re a:, no closely relaw sequences 
^».J^WSSB.agai„s.wMchau.oan«ho^^ 

of an.-Bo«SA precipitin positive patienu. bind, fl» vcsicubr 
aonutitis virus leader sequence. He VSV nmri, (M, p„«ein coMained 

»"H« sequence homology «, u«SB in >h« position. Which included 
«.^-c, 315:3180. K K D. 337-342(K G K O K O). and 351-354(0 K 0 K, 

6810) protem ,s fte ^^^or ,ato»,tig.n which ft. and-nRNP au^antibodies 
Anti^a.tibodie,a,efou„dinah.„.40,ofpatienr^ 
0^ v T'"'^'" "O "-ve h««ology witi. fte M proWn 

wluch sha^s homologou. regions wift IVSSB; however, no indiWdual 

has ho^oloB- Of four or greyer ^nin, add. Shared among all ftree 
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will he ^ MKD proton sequence 

molecular numici, will be of imerest. 

^P"* . f ,„„tego«, to Ro«SA.s » 

eUoIogic asent of autoimmune disease 

^ A„d.R„/SSAa„to»tibodies eon.™,, in a^e lupus 

^e^tosus sjosm.-. s,nd„„.e (SS). bu. n»y als, i.,™ . pa«,o^ 

Moto of yo«-* dUldm,, tess to « yean oM. ,^ ^„ 
.-P«*U<.«.„veu„e^,,,^^^„,.^^^J^ 

Stan. 32, 1414-1420 (19J9). These obse^dons along wiu, 
»m«^C evidence showing an anSgenic ,e,a«o,ship o, Ro/SSA .o a 
«^ «™c»^ prote™ (discussed in e«™p,e 3, led U,e h,poU,esis ^ . 

^fi ™" »f««'<» » " W«.y susceptible hos. .e^is u, and- 
KO/SSA autoantibodies. 

"^J^ 3 demonsteiBte an andgeaiclinkh^s 

iKai found between lheauioaniieeal!o/<!<!A, -J. I. ■ 
offh.i~i- . ^*°*"»™"''«">Kl«wipsid(N) protein 

of the Ind^nastrun of vesfcular stomatitis Vina (VSV). iwsi,, 

-Ibt^n spe^es Of Which have . .„uiar ot^on .f five 
~ Four N pr^ei. ,o,.ences t„ H„bdovir„s., have been obtained by 

Gall.o„e, «al..LJ!„BL 39:529-535 (1981). DePolo. «al Ljn^ 
«:454^«(i9S„.ndBane,«..t...^,3,,3,,;.^ 

; N ZT T' vir^s and the 
^^Nprotems have only 40 percent honx,l,gy„,be.nUno add levd 7*e 
nwcs vtn. K protdn s^iuenc. ha, three ,uad„pep.ide, hontologTwith ^ 
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D^HX, ElBbtom^ pp. 43^ (CRC P»s. Boc n, 1979). bu. 

st^n N p™™ „ weaker a«„ f™„. „i,H fl„ 

iidianajininN proton sequence. 

~. ^,cr^^, ^ »» .«W for binding „ b„i„ r^S^ . 
~ ™». de^y bound bovine WSSA in . ^d ph«e EUSA. 

To detennine which riabdoviro nay be the edologic or 
.mmunogaUc .gent, fira, u„ „^,,^ 

the vesicular «oni!iii«,M---^.„ ^ wvMA aid 

-^^^Ro««A.„dtheKpro,einn.i,b,pr^„^^try 
"--Ro^SA ^ponse «H. the -.abodie. to «her ..gions of 

Nprotem would have the g^tes, liWihood of aia being p«e,. hTl^ 
^^Aautoin^uneres^. Second, these s,n,elS='::r' 
^-NP-^n-ybefoundinthenK^henofyo™^ 

<*;M™ ««. lupus. <»„iaen. With the possibility of a congoatal or 
«WK«d infecdon bdng an in-pomn. ftctor in a,. ..bsequent disease of 
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available by Wes<«, ta„™K*Iot ^ P«d.gr« 

Ai early as 1967, viruses wen j„~-,»j .• 

""-an SLE llttse deluded elevattd Mfrrinl aatibodv dter, m, ir „ 
a*" Chrisdan. C.L. Sdaia I68:982^„ 0970,1 I^L 
(Preble o T « .1 "MofeiOT levels 

vrraiie, O.T., el al.,SQ£|]£5 216:429^31 «o»»« ^. . 

«i«ase<l kidneys (FreTTFed f 

Bv«^y.au;:ii:;^-:^7j--o^ 

srsred^^irr'^ 

Mladelph^ 197^; T^J^" <^ 

''f™'»"»""»'«9»oducftIe(R,BseU,P.J.,e,,] rata 

■74 (1975),. • - " £»M=n*teL 42:171- 

and,^"°"''''^"'^™^*"™'(<^-BP~i«-Ba»rvirui(EBV, 

i. JideZL ""^ ^cse vir^es 

>mj^ " '""'^ P^voto an 

awoimnraM response and subsequent disease are sev^i ■ 

fa wticl. antitens Anm .i„ T Molecular mimicn. 

raanagens from the patbogen cross react with self oon,n~^. • 
".eh n^banisn,. In rheun^ic bean disease and 7 " °" ■ ' 

■"taic^ has bonsbownt. occur A,TTT^ ''^"^ 

-^--«cb.„o,ec^L:„i:-r-^-^- 

•--"^ — andlr^LT" 
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SLE play a role i„UKpaihoge„«« of the disease. 

AddiSonal suppm for «,e a.s«™e„, «„, rtabdovimes shcnUd be 

cons.de«d as *e etiologie ^en. of *e ;^.MSSA ^soda^ T 

Aeumadc diseases i,cl«.efl«fon„«„„. 

louowme. First, as noted above La/^9R 

aia^s. Which a:. ^ u, .U^s. h^f of 

^".ponses « di^. s^. 

»n.p.».e„. co^pooen. defici»eies .end u. have a hijh i«i^^ 
Mosi of those who do have coinnlemoit h-b • 

-s. se.de„.e„ti,:::rrz:rr2r"" 

y«.^ ston^tis vi™ is sensitive to interferon in that ,«ie inf^rwin, 
^Hon Of intae. vMons is inhibited M .nd the vi™^«^ 
^n-es latent. Vesiet-U, s«»na.i,is vi™s has been doennten^tot iatent 

^«lar attachntent whteh nteans B»t they ean infect n,a„y different tissues 
F«rh.rscon.rib„.ingu,thecIinicHeterogenidty„fSLE 

^m.^3c««^, . Jwheti-ri^it; 

""''"^•""«"'«>"'lar stomatitis vims is not beUeved to 
^ be«, found in Bnope. it is nnlik^, ^ ^ ^ ^ 

Non«..e.e„, „ the pro^type .habdovi™. the M«„ «^ 
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Stomatitis viius has been wdl Studied. There are approrimately 30 
riiabdoviruses known to infect humans, most of which have not been 
characterized. One of these or a vims yet to be isolated must be seriously 
considered as important etiologic agents leading to autoimmunity to Ro/SSA 
and the associated disease states. 

Although a riiabdovinis relative of vesicular stomatitis virus may be 
important for the generation of anti-Ro/SSA autoantibodies in an individual 
who already has oris potentiated for SLE, the pathogenic agent may be ' 
separable from the factor that predisposes to or causes SLE. Accordingly 
the anti-Ro/SSA negative SLE patients may have no immunologic evidenci of 

pnor exposure to a virus like vesicular stomatitis virus and one may not 
expca to find much in the way of Ro/SSA octapqjtide binding from the 
Ro/SSA negative sera. Multiple mechanisms for the loss of tolerance to other 
autoartigens probably exist, but would s«m to at least include a mechanism 
of molecular mimicry at multiple sites as described here for Ro/SSA. A 
variety of bacterial, viral or other environmental substances may influence the 
particular autoantibodies which develop. Under this model, the capacity to 
develop such autoantibodies would be the general deficiency leading to SLE, 
but each of the specific autoantibodies would have originated from a Innited' 
set of potential triggering antigens. 

The second general modd is that the rijabdovirus being sought is the 
etiologic agent for SLE. If so, thc« afl SLE patients may. but are not 
required to. have evidence of N protein antigenicity demonstrated by 
octapq,tide binding. The explanation for the presence of not only anti-nRNP 
and anti-Sm autoantibodies but also the myriad of other known autoantibody 
specificities in SLE would be the major enigma requiring explanation. 
Possibilities would include a similar relationship between the U pq,tides and a 
rhabdovirus protein as is herein described between Ro/SSA and N. Sequence 

comparison between the 68 kD Ul peptide and various rhabdovirus preteins 
has mrealed homology with the M protein of Indiana strain at a level similar 
to that found between 60 kD Ro/SSA and the N protein. It would seem 
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"owever, to «,« „ ,„„ in SI^ for u, 

To tea dK«h»0ll««, one can obtain, „^t„,f,j,,,^ 

«d S^w on a «,«cd cdiline for „bso^, 

Tp «™™ P^-" I«vio«.y d«criW by Oa*. 

"t' PP- 0980). aon«i v«ic«l„ «o„^«, ^ 

"AW » monolayen of BHK-21, or od«r appropriate cdl line. Wifl, «, 

H. f«K»„ inn^u.0.. a gen.,,, cytep^hic effect is noted « a^ 
S«,.„.Henhan«tedand™bj^„«,^^^^^^^ ' 

I, 000 , g for 10 n^utes. fl^ ,0,000 x g for 10 nUnute,. N=,.. tte vin« is 
^ l^us. a m glycerol cnsbl™ „ ,,.000 . g for «, n^„^.T 
^ « in a .0 n*. o.l M NaCl, «^ 0.001 M HDTA 
(n^^ta-on. and ideated a .OwaoforiO seconds. Ttevir^isUKn 

on a .0, . ^O^sucrose g««e.. .nd ..bjected . c«,«f,ga.i.. : 
50.000 , g for 90 minutes. The visible band obtained is diluted inTNE 
soludon and centrifl^ ^„ „ jo.OO) , g for 90 n^nutes. lie now 

P^=d«misdi„y^^,.rrisbufrerovenagh,.,4-C.ndoanbe ' 
stored 3! -TO'C. " «ui oe 

Antibody binding can be «se«ed by standard Weaem blotting 
"Htegy^apandofseta. T»e virus isolate fron, which the N,:,«ein 
«^ the anti-Ro^SA precipiti, positive pade„„ ^ ^ ^ ^fo^ 

!«. Ih., straegy ,^oits the potential for .he emmdy b««d 

l-™^of,hahdovi,usestob.,el.v,nt For e^nple. evo, Jye„ow 
>««|^„.rhabdovi„„,M^i„,^^^^^ ^ 

riiabodoTinis. 

pre^tt uwe.,»„hat en „s«. for diagnosis Of „toi«,n,«ne distLs. 
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exposure to. or infection by, an eti logic or immunogenic agent, and 
vesicular stomatitis virus infection. First, anti-viial antibodies could be used 

to detect viral antigens in ceU extracts or serum and bodily fluids. n,ese 
antibody assays include assays such as sandwich ELISA assays. Western 
immunoblot. radioimmunoassays, and immunodiffusion assays. Techniques 
for preparing these reagents and method for use thereof are obvious to one 
skilled in the art 

It is possible that vesicular stomatitis virus persists as a latent 
infection in some patients. In these circumstances immunologic reagents 
could be used to detect the presence of particular viral antigens in tissue 
sections or on isolated ceUs using methodology femiliar to one skilled in the 
art. Anti-viral antibody can be detected by using the anti-viral agents to trap 
viral antigens, as in a sandwich EUSA, using methods known to those skilled 
in the art. 

Nucleotide or amino acid probes can be prqared based on the 
antigenic sequences identified in Figures 3 and 4 for either the Ro/SSA or the 
rhabdoviruses tested as described in example 5. such as the Indiana strain of 
VSV, TTiese are labelled using dyes, or enzymatic, fluorescent, 
chemiluminescent. or radioactive labels which are largely commerciaUy 

available. These probes can be used to «:reen sera or tissue samples to^ 

suspected patients or animals suspected of being reservoirs of the virus 
beUeved to be die etiological agent For example, iht appropriate viral 
sequences (or tiicir complementary nuddc add) could be marketed for use in 

«« hybridization as a.method to detect infection in spedfic tissues or 
peripheral blood cdls. As a second example, nucldc add primers could be 
PiWd whid, with icveise transcriptase and the polymerase chain reaction 
could be used to expand viral sequences. Detection of the vdral sequences 
may follow witi, spedfic nuddc add probes, with dectiophoresis of a 
ftagmcnt with a predicted size or with electrophoresis and restriction digestion 
with a particular restriction endonudease. 
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'E«-n.pIe6: Method, «d composition, for t«ating .„ .^olimnane 
disorder having . VSV^ ri,abdov!n« a, the etiological 
agent. 

T^tment with antl-vinil agents rione or in combination with 

immunosuppressants. 

A'P«"«.a«Wfor.oioi,TO,«»edi«uo«,d.uSlEi,TOo. 
^fic in tha. it cannot be d«cw „ tte ,»te„fag eauK 
'™'"''°''~'"'*'*~«»«»«yin««ind«teg,«^^ • 
aatwoprine. cyclcphosptanUde. non^^al «,tiinfl,n.ma.o,y 
a^tin^, „a ..H. n« ti^c .nch a. „„ 

Glncocomcotds, fe, «an,pte, .„ „«, i„ high d«ag« to „«, ^ 
-rotasiccontpUcationsofSI^ -«<^ and cyclcphosphanUd.' 
"."sedas-tattonpttohaltor^^^aa^ai. Urmn,^^ 
«c.™™o.for.lloffl,.i„„.„««,^„. TOsgo^aa,^,. 
•tar non-spedfic ef&ct on no. orty the pottion of the immune vstem 
■nvolved in SLB but also on the no^aUy ft.ncdo.tag, ^ 
»y«em For example, the dose of cyclophosphamide is g«enlly ,egula,«, 
and hmited, by toxicity to hematopoesis. 

^«»«»««8otag, it can be concluded that autoimmune 
^rten such as a« initiated by inf«io, ^.h . VSV-lito Aahdovi™ 

Ac««tagly.,«ien,.c«Udbe,«.«,„otcnlyby ' 
•n«^ ab«« but also by immunos«pp«s».t compound, having non- 
^ ««ivi.,l activity, such as Interfe™, „ imhcas of interfe™, 
■«d"d«g (!.»««. dibenarfuian, tilotone HQ. or bacterial 
^)<«ccharide. or c^npounds l»ving specific activity .gains, vesicular 
«o™«t»VH«,,.Ionemincombinadon»ith.helmmun«s»ro«ss»,ts • 

be bio JTT""' """ -^ P«»'i»' «. be specific and 
^ologtcal For example. . p„«ein containing the apptopriate c«np«i,ion 

^ upon the homology of N protein With Ro/SSA «,d -uigenicity Of 
IWSSA «,d N could act a, an immunosupptessant for the and-Ro/SSA 
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response. This or another compound, for example, based upon 

complementaiy considerations may stimulate the anti-N protein (or ther viral 
antigen) response and act to clear the vims infection from the affected patient 
As another example, anti-sense DNA or RNA or derivatives thereof 
containing nucleic acid sequence related to VSV may inhibit the production of 
virus antigens and potentiaUy eliminate viral infection. 

Therapeutic compounds are generally administered in a 
phannaceuticallyaccq)table carrier. Pharmaceutical carriers are known to 
those skilled in tiie art and include encapsulation of compounds for oral 
administration, for example, in an enteric coating or in combination with a 
binder such as steaiate or lactose, or in solution. Accq,table solutions . 
include sterile water, saline, and buffered solutions at physiological pH. 
Vaccines can be administered ondly. intramuscularly or subcutaneously 
Other compounds wiU be administered according to standard procedures used 
by those skilled in the art As defined herein, a pharmaceutical carrier is 
usually inert by itself bat may have biological activity. For example, a 
vaccine may consist of immunogenic peptides or proteins in combination with 
an adjuvant 

Tr«»tn,ent with peptides bound by autoantibodies to ,«nove or neatndize 
the autoastibodles. 

Alternatively, the agents used for treatment might include pepddcs 
homologous to the identified antigenic, molecular mimicry sequences. These 

peptides, either lite or bound to a carrier, could be deUvered to a patient in ' 
order to decrease the amount of circulating antibody witf» a particular 
specificity. In addition, knowledge of the cross-i^cting epitopes between a 
foreign antigen and an autoantigcn. such as N and Ro/SSA. may allow for re- 
induction of tolerance. It is wcU known in experimental models of tiie 
immune response that the response can be suppressed and tolerance induced 
by treaunent with the antigen. Pq,tide therapy witii the cross-reacting 
sequences may be a potential therapy in autoimmune diseases. 
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Producdon of racdnes to prereiit derelopment of autohnmune dise^e 
based on the isolated etlologic or antigenic agent. 

It may be possible to prevent SLE and related diseases by vaccination 
of populations at risk. Vaccination programs have been very successful in 
man for selected diseases (e.g. poUo). Such a vaccine could be an attenuated 
or killed virus. A vaccine product could also be manipdated by recombinant 
DNA techniques so that the regions of antigenicity and homology in the 
autoantigen are altered, deleted or destroyed in the expressed immunogen. 

By stimulating the immune response to portions of the immunogcn, the 
immune system may be able to eliminate the infection or reinduce an immune 
state of tolerance in the affected patient The engrafted add mouse model 
will be extremely useful in assessing the consequences. of these biologies upon 
the patient's immune system. 

Once tiie actual etiologic rhabdovirus is identified, many 
opportunities for affecting the outcome are possible. Since interferon is 
known to cause most rhabdoviruses to lose infectivity and become latent one 
^rmld not expect to be able to direcfly culture rhabdoviruses from tissues. 
There are, however, other methods available to define Uie virus. DNA 
primers based upon the N protein nucleic add sequence and constructed from 
the arses of pq,tide homology between N and Ro/SSA could be used to 
expand ihabdovirus sequences from patient and normal spedmens, Northem 
blots of mRNA from lymphocytes using avaOable or constructed cDNA viral 
pcobes may reveal additional evidence of infection and provide ti«j basis by 
which to recover and clone viral sequences. 

It should be possible to use viral pq)tides, dtiier produced by 

deaving cultured virus or synthetically, using methods known to tiiose skiUed 
in the art, 10 create vacdnes for that portion of the population at risk, to 
serve as neutralizing agents for the dreulating autoantibodies, or to iiiduce 
tolerance to cpitope(») of a foreign antigen or an autoantigen. Tht sequences " 
pieferably used for tfie vaodne are Aost portions of tiie viial protons whid, 
«rt antigenic but not homologous to regions of the autoantigen. For example 
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the multiple homologous regions between the rhabdoviius proteins and self 
proteins that become autoantigens could be eliminated by nxombinant DNA 
. technology. A vaccine administered before ihe infection with the virus or at 
least before onset of the disease could prevent autoimmunity. Using this 
strategy, an individual would develop immune competence against the 
etiologic agent after vaccination with the manipulated virus. When challenged 
with the etiologic agent, an infection and the autoiimnune consequences would 
be prevented. 

Removal of autoantibodies from the paUent nsing peptides of the 

antigenic or etiologic agent. 

The amino acid sequences can also be used to make agents for 

neutralizing circulating antibodies or immobilized on substrates in 

extracorporeal devices for specific removal of autoantibodies, using 

methodology known to those skiUed in the art . 

Example?: JuxUposWonandlesser degrees of himologyshuinfag 
between autoantigens and other protefais. 
In the instance of 60 kD, Ro/SSA and the N protein show that there 
may be many areas of homology between autoantigen and the aUeged inciting 
protein. Based on the work presented above, one aspect that is suspected to 
be extremely important in hew the autdmmune state is established is the 
relative rearrangement in the areas of homology between these molecules. 
For example, consider the scenario when an N protein is the original 
immunogen. Under these circumstances and according to what is generaUy 
accq)ted by those skilled in the art of immunology, the immune response to 
homologous region A (see Figure 4) would be largely independent of the 
immune response to region B (Figure 4). TTte potential for conflicting 

immune processing and regulatory signals are great when these two signals 
are brought much closer together in Ro/SSA. Perhqu their sqaration by 
only 1 1 bases in the Ro/SSA sequence is Adequate to break toterance to 
Ro/SSA and subsequendy generate the intense autoimmune response seen in 
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some patients. The C and D areas of homology are a second potential 
otample of this phenomenon. 

Another very interesting possible example of this phenomenon has 
been discovered in the Ro/SSA system. The human 60S ribosomal 
phosphoprotein PO (access code NW: A27125) is an autoantigen whose 
autoantibodies are related to psychiatric symptoms in SLE. This protein has 
specific homology wiUi 60 kDRo/SSA. Li reviewing the homologous regions 
there is a 10 amino add stretch of Ro/SSA which u composed of two regions 
of PO (Figure 6A). Perhaps there is an immunologic interaction between the 
two proteins based upon the juxtaposition of homologous region. Moreover, 

theEKLLsequence is foundinthisandasecond region of Ro/SSA. • 

The interaction between KUbsiella ncuramidase and HLA-B27 in 
ankylosing spondylitis is another potential example. Previously, a six amino 
add stretch of homology has been qjpiedated. A second region of homology 
originating at a disparate site in the KkbsieUa protein which abuts the 
previously appreciated homologous haapcpddt i^on in B27 has been found 
(Figure 6B). Perhaps tht juxtaposition of the two neuramidase sequences in 
the HLA-B27 sequence influences the relationship of ^xmdolytis to HLA-B27 
and tile appearance and expression of this distsase. 

In sderoderma, autoantibodies binding topoisomerase (sd-70) and tfie 
centromere are common but brf»- spedfidUes tend not to be found in the 
same patient. One approach according to the present invention would be to 
perform a homology search and to evaluate the antigenidty of short pqrtides 
(probably octapq)tides) from both of these autoantigerir. llien an analysis 
similar in procedure to tfie one performed with Ro/SSA ^xwld be pursued. 
The proteins satisfying die short peptide homology rules would be sought 
Then the probabiHty of homology of the query sequences coindding with 
antigenidty in the autoantigen wiU be assessed. TTiis will then be used to 
construct hypotheses of antecedent antigen(s), or immunogens, or possible 
infection. 
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EtampIeS: Aniinal Model for screenlBj compounds for treatment of 
autoimmune diseases* 

An animal modd was developed which iqncsents not only the 
successful induction of the production of human autoantibodies in an animal, 
but may provide a means for screening of compounds which inhibit the 
production by these cells of the autoantibodies or neutndization in vh>o of fhc 
effects of the autoantibodies. It also serves as a tool in the study of the 
production of these antibodies, aflowing experiments which camiot be 
performed in humans due to the unaccqrtable risk iivolved. For example, 
these animals can be injected with antigen to the autoantibodies to determiiie 
if the antigen eUcits a stiU greater response orif the antigen can be used to 
neutralize circulating antibody. Utsc animals can be infected witi, viruses. 
Tliey can also be used to determine the requirements which perpetuate tiie 
immune disorder. 

Severe ComhinM immnnrv^^fi ^- ^^ ^u pp Adult retired breeder mice 
C.B-17 SOD (homozygous for iSCID mutation) <m bred and maintained in 
a sterile environment at die Oklahoma Medical Research Foundation. All 
SOD mice were 24 weeks of age or older at die time of injection. Mice 
were removed ftom die sterile environment and injected with human 
poiphetal blood mononuclear ccUs. Mice were subsequentiy fed standard 
non-sterile mouse chow and kq>e h isolation laminar flow cubicles (BioQean. 
Inc.). SOD mice were bled by tail vein. 

Isolation of human neriph.^| T p onnn.«.W After 
obtaining Informed consent, venipuncture was performed on patients with 
SLE. primary bilary cirrhosis (PBQ. and a normal volunteer. Approximately 
150 ml of blood was witfidrawn into a hqarinized container (preservative- 
free). Mononuclear ceUs were separated by low speed density centrifugation 
(Histopak. Sigma Chemical Co.. St. Louis, MO). ViabiHty was determined 
by exclusion of trypan blue. Various numbers (2 x KT to 50 x 10^ of 
isolated human mononuclear ceUs were injected intraperitoneally. 
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Enzyme linked immunosorfv»nt awy^ ff^Jf^^) These assays were 
perfonned using established techniques, as described by Gaither and Hariqr, 
Protides Biol. Fluids Pmc. rnllnri 33. 413 (1985). to scieen for the 
production of human IgG and specific autoantibodies. To screen for human 
IgG production, 96 well microtiter plates were coated wiUi mouse serum at 
limiting dilutions. They were subsequenfly washed, blocked and goat anti- 
human IgG (gamma chain specific) alkaline irfios[diatase conjugate (Sigma 
(3jemical Co.. St. Louis, MO) was added. 'After overnight incubation, 
microtiter plates were washed, substrate added and optical density readings 
taken on an ELISA reader (Beckman Instruments). 

Engrafted mouse sera were screened for autoantibodies using a 
standard anti-Ro/SSA EUSA which relied upon highly purified Ro/SSA as 
described by Maraula, ct al., L_EzcJ^iaa. 86:1889 (1986). 

Indirect immunofluomsowit anti-iiuclMr flniih^jf^ SLE. primary 
biliary cirrtiosis, normal human sera, and engrafted mouse sera were analyzed 
for anti-nuclear antibodies on Hq>-2 ceUs using a NOVA Lite ANA (INOVA 
DIAGNOSTICS, Inc.. San Diego, CA). Serum samples were diluted and 
50-75 III were applied to each substrate sUdc. After 30 min incubation in a 
moist chamber at room temperature, the slides were thoroughly washed with 
PBS. Goat anti-hunun IgG gamma chain spedfic FTTC conjugate (Sigma 
Chemical Co., St. Louis. MO) added at 1:7500 dilution and incubated for 
30 min at room temperature. Slides were subsequentiy washed with PBS and 
immunofluoiesceat staining visualized under a fluorescence microscope. 

C.B-17 SOD mice were injccted intraqwitoneally with sterile human 
peripheral blood mononuclear cells at various concentrations. Peripheral 
blood mononuclear cells were isolated from a reference patient who had tiie 
clinical diagnosis of systemic lupus erythematosus (SLE) and had precipitating 
antibodies to Ro(SSA) and La(SSB). Previous clinical studies of tiiis patient 
had shown a positive ANA with a speckled nuclear pattern at titen of 1:3240. 
A normal sex and age matched control was identified and an identical number 
of peripheral blood mononuclear cells were injected intraperitoneally into 
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SCID mice. This control individual displayed no clinical signs or symptoms 
of riieumatic disease, had no precipitating autoantibodies to Ro(SSA) nor 
La(SSB) and had a negative ANA by immunofluorescence. Peripheral blood 
mononuclear ceUs were also isolated and subsequendy injected into SOD 
mice from a patient who had primary biliaiy drxhosis with a positive 
immunofluorescent anti-mitochondrial staining pattern at a titer of 1:12.960. 

To monitor the engraitment of human cdls and their subsequent 
antibody production, engrafted mice (tliose mice which received 
intraperitoneal human mononuclear ceUs) were bled 14 weeks after injection 
and their sera screened using EUSA for production of human IgG. Two of 
the four mice injected with normal human mononuclear cells were positive in 
the EUSA screen for IgG, the ones injected with 50 x 10* cells. Tht two 
mice injected with 5 x 10* and 1 x 10* mononuclear cells showed no human 
IgG. Similarly, two of the four SLE mice (50 x 10^ showed human IgG 
production and the other two showed no EUSA activity. Human sera from 
the SLE patient demonstrated approximately 100-fold more activity than that 
seen in engrafted mice while pre-immune or sham (saline injected) mice were 
' devoid of activity. Subsequent bleedings of engrafted mice at 21 w«ks 
demonstrated stable levels of human IgG. 

Ljdirect immunofluorescent studies were done on engrafted mouse 
sera to screen for the presence of ^''ti-nuclear and anti.<7toplasmic antibodies. 
Of the two SLE engrafted mice which wtm positive in the human IgG 
scrtttiing assay, the one injected with 50 x 10- cdls gave a positive speckled 
nuclear staining pattern while sham mice showed no immunofluorescence. 
However, the SLE mouse injected with 25 x IC cells foiled to have a positive 
immunofluorescence. 

A single SCID mouse serum reconstituted with 50 x 10* cdls fiom a 

patient with primary biliary drrhosis was also tested for anti-nudear . 

antibodies. This scrum demonstrated a diffuse cytoplasmic staining pattern 

witHout staining nud<i»r material which appeared identical to that of the 
patient. 



WOW/11718 



-44- 



PCr/lJS9l/00«2 



In onler to further define the antibody ,«pon« in these «^ 
SCID mice, EUSA were performed testing for the presence of anti-Ro/SSA 
and anti-U/sSB. Again, the SLE engrafted mouse (50 x 10^ demonstrated 
positive immunoreactivity in EUSA at serum dilutions of la'. None of the 
other SLE engrafted mice or normal volunteer engrafted mice, pre-immune 
mouse sexa, or sham treated mice showed reactivity. 

To vaUdate the ^ficity of this immunoreactfvity, SLE engrafted 
mouse sera were incubated with purified bovine Ro(SSA) and human 
Ro(SSA). Subsequently, sa^rples we« analyzed in EUSA and the response 
^vas shown to be completely inhibitable. thereby validating the specificity of 
antibody binding to the Ro(SSA) antigen. 

Modification and variations of the methods and composition of the 
present mvention wiU be obvious to those sldUed in the art ftom the 
foregoing detailed description of the invention. Such modifications and 
variations are intended to come within the scope of the foUowing claim. 
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I claim: 

1. A method for determining an etiologic or immunogenic agent in a 
disear.e characterized by the production of autoantibodies comprising: 

identifying an antigen bound by a population of autoantibodies; 

identifying sequences of the antigen reactive with the autoantibodies; 

comparing the antigen sequences with amino add sequences of 
proteins to identify potential immunogens as proteins containing two or more 
regions of sequence homologous with the antigen; and 

correlating regions of homology between the antigen and the potential 
immunogens with antigenicity based on reactivity with the autoantibody. 

2. The method of claim 1 wherein overlapping peptides of the 
antigen of no more than twenty amino adds are synthesized for correlating 
regions of homology between the antigen and potential immunogens with 
antigenidty, wherein antigenidty is determined by reacting the overlapping 
peptides with the autoantibody. 

3. The method of claim 1 wherein the autoantibody is anti-Ro/SSA, 
the antigen is Ro/SSA, and the potential immunogens art vesicular stomatitis 
virus protdns. 

4. The method of claim 1 further comprising isolating antigen, 
wherdn the antigen is bound by autoantibodies from patients having 
autoimmune disease, by reaction wi^*-* autoantibodies sdected from the group 
consisting of immunoglobulins, antigen specific B cell surface recq)tors, and 
antigen spedfic T cdl receptors. 

5. The method of claim 1 further comprising synthesizing amino 
add sequences of the potential immunogcn consisting of no more than twenty 
amino adds for determination of antigenidty of regions of the potential 
immunogen. 
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6. The method of claim 1 forther compriring clarifying regions of 
the antigen on the basis of having antigenicity as detennined by action with 
autoantibodies and homology to the potential immunogen, ha^dng antigenicity 
as detenmned by reaction >vith autoantibodies but not homology to the 
potential immunogen. having homology to the potential' immunogen but not 
antigemcity. and having neither homology with the potential immunogen nor 
reactivity with the autoantibodies. 

7. The method of claim 1 further comprising classifying regions of 
the potential immunogen on the basis of having antigenidtj- as determined by 
reaction with antibodies and homology lo the antigen, having antigenicity as 
detennined by reaction with antibodies but not homology to the antigen 

having homology to the antigen but not antigenicity, and having neither' • 

homology to the antigen nor reactivity with the antibodies. 

8. The method of claim 1 wherein regions of homology with the 
antigen and antigenicity based on reactivity with «itoantibodies are found in a 
protein expressed or caused to be expressed by an infectious agent selected 
from the group consisting of viruses, viroids. bacteria. Rictotsia. and fimgi 
further comprising reacting other proteins from the infectious agent with 
additional autoantibodies. 

9. The method of claim. 1 wherein the autoantibody is selected fiom 
the group of immunoglobulins. ..^igen specific B cefl surfece receptors and 
antigen specific T cdl lecqrton. 

10. nie method of daim 1 wherein the disease is selected fiom the 
of disorders characterized by production of antibodies reacting with 

components of the host', body, disorden Characterized by manifestation of 
symptoms associatol with the presence of dreulating autoantftwdy. and 
disorders of the immune system associated with an immune response against 
an mfectious agent or portion thereof. 

11. I«>Iated amino add sequences of proteins containing regions 
recognized by autoantibodies in a mammal. 
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12. TTie sequences of claim 11 wherrin the sequences include two or 
more antigenic regions homologous to regions in autoantigens recognized by 

the autoantibodies. 

13. The sequences of claim 11 comprising protein sequences of 
vesicular stomatitis virus or a rdated ihabdovinis. 

14. The sequences of daim 13 consisting of rhabdovirus virus 

Ptotdn amino add sequences sdected from the group K S K E, L T A L L L 

R.RGKLDKDW.LKALD.DEKiV.EYRKKLMD.KLL 

DGLEN.L;TALL.tTEKDLS.YRKK.KDLK.DPDD.A 

AAM.LSHLQK.RTKDAE.EKDS.EVCR. and combinations 
and antigenic derivatives thereof. 

15. me sequences of daim 11 consisting of Ro/SSA protdn amino 
acrd sequences sdeded ftom the group consisting ofAIALREYRKK 

MDIPA.VHPAIALR.KLGLEN.KDLK.KSKE.LTA 
LLR.RGKLKW.LKALD.TRTEKDS.DEMV.EYRKK 

MD,AAAM.DPDD.LSHLK.RTKDE.EKDS.EVCR 
and combinations and antigenic derivatives thereof. 

16. The sequences of daim 11 in combination with a pharmaceutical 

carrier. 

17. TTie sequences of claim 16 in an effective concajtration for 
administration to a patient to neiMTlize drrulating autoantibody, 

18. The sequences of daim 16 whfcnein the antigenic sequences 
contain antigenic regions not homologous to regions recognized by the 
autoantibody. 

19. The sequences of claim 18 further comprising a pharmaceutical 
carrier for administration to a patient, wherdn the carrier and concentration 
of sequences didt an immune response when administered to a host 

20. Isolated cucldc add sequences encoding amino add sequences 
of protems containing antigenic regions recognized by autoantibodies in a 
mammal, or nuddc add sequences complementary thereto. 
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21. The sequences of claim 20 encoding protein sequences of 
vesicular stomatitis virus or a related Aabdovirus. 

22. The sequences of claim 21 encoding ihabdovirus virus protein 
amino acid sequences selected from the group consisting of K S K E, L T A 
LLLR,RGKLDKDW,LKALD,DEMV.EYRKKLMD. 
KLLDGLEN.LTALL,TTEKDLS.YRKK.KDLK.DP 

D D, A A A M, L S H L Q K , R T K D A E, E K D S , E V C R, and 
combinations and antigenic derivatives thereof. 

23. The sequences of daim 20 encoding.Ro/SSA protein amino add 
sequences selected from the group consisting ofAIALREYRKKMD 
IPA. VHP AIALR,KL GLEN. KDLK,KSKE,LT ALL 
R,RGKLKW,LKALD,TRTEKDS.DEMV,EyRKKM 

D,AAAM,DPDD,LSHLK.RTKDE.EKDS,EVCRand 
combinations and antigenic derivatives thereof. 

24. The sequences of claim 20 labdled with a compound sdected 
ftom the group consisting of dyes, fluorescent labds, chemiluminescent 
labels, enzymes, and radioactive labels. 

25. The sequences of claim 20 encoding antigenic amino add 
sequences not homologous to amino add sequences recognized by 
autoantibody. 

26. A method for trer"ng a patient having autoantibodies comprising 
administering an effective amount of peptide sequences having an antigenic 
region recognized by autoantibodies, in a pharmaceutically acceptable carrier. 

27. The method of claim 26 further comprising administering an 
effective amount of an immunosuppressant to suppress production of 
autoantibodies. 

28. The method of claim 26 wherein the antigenic regions of the 
peptide sequences are not homologous to regions of autoantigens recognized 
by autoantibodies. 
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29. The method of claim 26 wherein amiiu) add sequences including 
more than one antigenic r^on is administered^ the regions acting in 
cooperation to form an antigenic r^on on autoantigens which is recognized 
by the autoantibodies. 

30. A composition for treating a padent having autoantibodies 
comprising peptide sequences homolc^ous to regions of proteins expressed by 
an immunogenic agent producing proteins having an antigenic region 
recognized by the autoantibodies, wherein the homologous regions are not 
recognized by the autoantibodies, in a pharmaccutically acceptable carrier. 

31. A composition for treating a patient having autoantibodies 
comprising peptide sequences having antigenic regions recognized by 
autoantibodies and a pharmaceutical carrier. 

32. The composition of daim 31 administered in combination with 
an im munosuppressant to suppress production of autoantibodies. 

33. The composition of daim 31 wherein the homologous r^ons of 
the pf^tide sequences are not homologous to regions of autoantigens 
recognized by autoantibodies. 

34. .\ metirod for treating a patient vnth autoantigens having two or 
more antigenic regions homologous to antigenic regions of proteins expressed 
by or caused to be expressed by an infectious agent comprising administering 
an antiinfective compound. 

35. The method of daim 34 further compriang administering an 
immunosuppressant 

36. The method of claim 34 wherein the autoantigens are 
characteristic of systemic luptis erythematosus. 

37. The method of claim 34 wherein the antiinfective is effective 
against rtiabdovirus infections. 

38. The method of claim 37 wherein the antiviral is interferon. 
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39. The method of daim 34 wherein an effective amount of a 
compound inhibiting a patient's antiviral response is administeted to the 
patient to activate a latent virus but not to prevent subsequent inactivation of 
the virus by tfie patient 

40. A pharmaceutical composition for treating a patient having anti- 
Ro/SSA antibodies comprising a pharmaceutically acceptable compound 
having anti-rhabdovirus activity. 

41. The composition of claim 40 comprising interferon in 
combination with an immuno$uppresv»nt 

42. A method for treating a patient having anti-Ro/SSA antibodies 
comprising administering an effective amount of rhabdovinis peptides in a ' 
pharmaceutically accq)table carrier. 

43. The method of claim 42 comprising administering viral pq)tides 
having antigenic regions homologous to antigenic regions of Ro/SSA. 

44. The method of claim 42 compriang administering viral peptides 
having antigenic regions not homologous to antigenic regions of autoantigcns 
selected from the group consisting of Ro/SSA, La/SSB, nRNP. and Sm. 

45. The meUiod of claim 42 wherein the pq)tides are part of the 
vesicular stomatitis virus - Indiana strain nucleocapsid protdn. 

46. The method of claim 42 wherrin the peptides arc part of the 
vesicular stomatitis virus - !?;'Jana strain matrix protein. 

47. An assay for screening patients for autoimmune disorders 
comprising a compound reacting witii nucleic add or amino add sequences of 
potential immunogenic agents which produce proteins containing antigenic 
regions which arc homologous to antigenic regions of autoantigens. 

48. The assay of claim 47 wherein the compound is an antibody. 

49. The assay of claim 47 wherein the compound is a labelled 
nucldc add sequence. 

50. The assay of daim 47 wherein the compound reacts witii 
sequences containing regions which arc homologous to regions of autoantigens 
but are not recognized by autoantibody. 
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51. The assay of claim 47 wherein the compound reacts with 
sequences containing regions which are not homologous to regions of 
sequences recognized by autoantibody. 

52. Hie assay of claim 47 wherein the compound reacts with more 
than one region of an amino add sequence which form an antigenic 
determinant homologous to a region of an autoantigen. 

53. The assay of claim 47 wherdn the potential immunogen is from 
vesicular stomatitis virus - Indiana strain or a closely related virus. 

54. The assay of claim 53 wherein the compound is an antibody. 

55. The assay of claim 53 wherein the compound is a probe for . 
rhabdovirus nucldc acid sequences. 

56. An assay for screening for patients having an infection resulting 
in manifestation of immune disorders comprising a compound rxognixed by 
antibodies to proteins expressed by or caused to be expressed by an infectious 
agent which produces proteins having antigenic r^ons homologous to 
proteins that are recognized by an autoantibody, wherrin the antibody and 
auujantibodies are selected from the group consisting of immunoglobulins, B 
cell surface receptors, and antigen spedfic T cell receptors. 

57. The assay of claim 54 wherdn the proteins are from vesicular 
stomatids virus - Indiana strain or a dosely related virus. 

58. A method for screen;;:^ patients for autoimmune disorders 
comprising reacting a compound, the compotmd spedfically reacting with 
amino add sequences of protdns expressed by or caused to be expressed by a 
potential immunogenic agent producing proteins containing antigenic regions 
which are homologous to antigenic regions of autoantigens, with a sample of 
a biological fluid or tissue from the patient to be .screened. 

59. The method of claim 58 wherein the compound is an antibody. 

60. The method of claim 58 wherein the compound is a labelled 
nucldc add sequence. 
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61. The method of claim 58 wherein the compound specifically 
reacts with amino add sequences whidi tie homologous to regions of 
autoandgens but are not recognized by autoantibodies. 

62. The method of daim 58 wherdn the compound specifically 
reacts with more than one amino add sequence region which forms an 
antigenic determinant homologous to a r^on of an autoantigen. 

63. The method of daim 58 wherdn the potential immunogen is a 
protein from vesicular stomatitis virus * Indiana strain or a related virus. 

64. A method for assaying for patients having an infection resulting 
in manifestation of. immune disorders comprising reacting a compound 
spcdfically reacting with antibodies to proteins having antigenic regions 
homologous to proteins that are recognized by an autoantibody, wherein the 
antibody and autoantibodies are sdected from the group consisting of 
immunoglobulins, B cell surface recqptors, and andgen specific T cell 
receptors, with a sample of biological fluid or tissue from the patient 

65. The method of claim 64 wherdn the padent is bdng screened 
for a rhabdovirus infecdon comprising reacting a compound, wherdn the 
compound spedfically reacts with andbodies to vesicular stomadtis virus - 
Indiana strain or a dosdy related vir\is, with a sample of a biological fluid or 
dssue from the padent 
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